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(57) ABSTRACT

Processes comprising: providing a starting material compris-
ing ethylenediamine; and reacting the starting material in the

presence of a heterogeneous transition metal catalyst to form
one or more ethylene amines; wherein the catalyst comprises
a catalytically active composition, which prior to treatment
with hydrogen, comprises a mixture of oxygen-containing
compounds of aluminum, copper, nickel and cobalt; and
wherein the catalyst 1s present as one or more shaped catalyst
particles selected from spheres, extrudates, pellets and other
geometries, wherein the sphere or extrudate has a diameter of
<3 mm, the pellet has a height of <3 mm, and the other
geometries have an equivalent diameter L=1/a' of <0.70 mm,
where a' is the external surface area per unit volume (mm_ >/
mm,,), as defined by

where A 1s the external surface area of the catalyst particle
(mm_*) and V , 1s the volume of the catalyst particle (mm; ).

17 Claims, No Drawings
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METHOD FOR PRODUCING ETHYLENE
AMINES

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application 1s a national stage application, under 35
U.S.C. §371, of PCT/EP2006/066668, filed Sep. 25, 2006,

which claims priority of German Patent Application No.
1020050523776.5, filed Sep. 30, 2005, and Furopean Patent

Application No. 06101334 .8, filed Feb. 6, 2006.

BACKGROUND OF THE INVENTION

Ethylene amines are used, inter alia, as solvents, stabiliz-
ers, for the synthesis of chelating agents, synthetic resins,
drugs, ihibitors and surface-active substances.

Diethylenetriamine (bis(2-aminoethyl)amine; DETA), in
particular, 1s used as solvent for dyes and 1s a starting material
tor the production ol 10n exchangers, pesticides, antioxidants,
corrosion inhibitors, complexing agents, textile assistants and
absorbents for (acidic) gases.

Numerous processes lfor preparing ethylene amines,
including, 1n particular, DETA, have been described 1n the
literature.

According to PEP Report No. 138, “Alkyl Amines™, SRI
International, March 1981, in particular pages 7, 8, 13-16,
43-107, 113, 117, the reaction of dichloroethane with ammo-
nia at a molar ratio of 1:15 gives diethylenetriamine (DETA)
in a proportion of greater than 20% by weight based on the
cthylene amines formed. However, 40% by weight of higher
cthylene amines are formed in addition to 40% by weight of
cthylenediamine (EDA).

The formation of these higher ethylene amines (i.e. ethyl-
ene amines having a boiling point above that of triethylene-
tetramine (IE'TA)) can be substantially suppressed in favor of
cthylene diamine by amination of monoethanolamine
(MEOA) with ammonia (ct., for example, the abovemen-
tioned PEP Report, U.S. Pat. No. 4,014,933 (BASF AQG)).
However, aminoethylethanolamine (AFEA) and piperazine
(PIP) are formed as by-products in this reaction.

Ind. Eng. Chem. Prod. Res. Dev. 1981, 20, pages 399-407,
(C. M. Barnes et al.) describes the ammonolysis of MEOA to
EDA over nickel catalysts on a mixed S10,—Al,O, support.
Addition of water and the powdered catalyst 1s said to be
advantageous 1n increasing the yield of EDA.

The conversion of EDA into DETA over transition metal
catalysts 1s known from, for example, GB-A-1,508,460
(BASF AG) and U.S. Pat. No. 4,568,746 (UCC).

According to U.S. Pat. No. 4,568,746, the following
DETA/piperazine ratios are achieved over Ni/Re catalysts:
DETA/PIP=5.4-8.9 at a conversion of 33-23% at tempera-

res of greater than 170° C.

According to GB 1,508,460, the following ratios are
achieved over N1/Co/Cu catalysts 1n a fixed bed: DETA/
PIP=17-26 at a conversion of 23% at temperatures of less than
150° C. and preterred pressures of 25-435 bar. No information
1s given on the dimensions of the catalysts.

U.S. Pat. No. 5,410,086 (Burgess) relates to the control of

the DETA/piperazine ratio by adjustment of the hydrogen
concentration 1n the liquid phase.

WO-A1-03/010125 (Akzo Nobel) describes the prepara-
tion of ethylene amines from EDA by transamination at 135-
180° C., 5-40 MPa, 1n the presence of H, and a specific

catalyst which comprises large amounts of nickel, e.g.
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26-65% by weight of N1, on an oxidic porous support and has,
for example, particle sizes of from 0.1-10 mm 1n a fixed or
moving bed.

Disadvantages of these technologies involving suspension
catalysis result, inter alia, from the need to separate the cata-
lyst from the product. In addition, the selectivities, e.g. for the
formation of DETA, are 1n need of improvement.

WO-A-05/061430 (BASF AQG) relates to a process for
increasing the space-time yield (STY) 1n a process for pre-
paring a symmetrical secondary amine (e.g. DETA) by reac-
tion of a primary amine (e.g. EDA) 1n the presence of hydro-
gen and a catalyst at a temperature in the range from 50 to
250° C. and an absolute pressure in the range from 5 to 350
bar by lowering the absolute pressure while maintaining the
temperature.

WO-A-05/012223 (BASF AG) relates to a process for pre-
paring ethylene amines (e.g. DETA) by continuous reaction
of ethylenediamine (EDA) 1n the presence of a heterogeneous
catalyst, with the reaction being carried out 1n a reaction
column.

WO-A-05/014523 (BASF AG) relates to a process for pre-
paring ethylene amines (e.g. DETA) by reaction ol monoet-
hanolamine (MEOA) with ammonia 1n the presence of a
catalyst 1n a reactor (1) and fractionation of the resulting
reaction product mixture, with ethylenediamine (EDA)
obtained 1n the fractionation being reacted in a separate reac-
tor (2) in the presence of a catalyst to form diethylenetriamine
(DETA) and the resulting reaction product mixture being fed
to the fractionation of the reaction product mixture resulting
from reactor 1.

The earlier German  patent application  No.
102005019373.0 of Apr. 26, 2005 (BASF AG) relates to a
process for preparing ethylene amines in which ethylene
oxide 1s reacted continuously with ammoma under water-iree
conditions over an 1organic 10n exchanger 1n a {irst reaction
step to give a reaction product comprising monoethanola-
mine, diethanolamine and triethanolamine in a particular
weilght ratio and the reaction product i1s subsequently reacted
continuously with ammonia 1n the presence of hydrogen and
a hydrogenation catalyst 1n a second reaction step.

A parallel German patent application filed on the same date
(BASF AG) relates to a process for preparing ethylene amines
by reacting monoethanolamine (MEOA) with ammonia in
the presence of specific shaped heterogeneous catalyst bod-
1es.

A parallel German patent application filed on the same date
(BASF AG) relates to a process for preparing aminodiglycol
(ADG) and morpholine by reacting diethylene glycol (DEG)
with ammonia 1n the presence of specific shaped heteroge-
neous catalyst bodies.

BRIEF SUMMARY OF THE INVENTION

The present invention relates to a process for preparing
cthylene amines by reaction of ethylenediamine (EDA) 1n the
presence ol a heterogeneous transition metal catalyst.

It was an object of the present invention to remedy the
disadvantages of the prior art and discover an improved eco-
nomical process for preparing ethylene amines, in particular
diethylenetriamine (DETA), piperazine (PIP), triethylenetet-
ramine (TETA) and/or higher linear polyethylene amines.

The process should give DETA, 1n particular, in high
yields, space-time vields and selectivities.

For example, the proportion of diethylenetriamine among,
the ethylene amines formed in the product mix should be
increased compared to the prior art and the proportion of
piperazine (PIP) among the ethylene amines formed should
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be able to be limited according to requirements, €.g. to below
15% by weight, at a total yield of DETA and piperazine of, 1in
particular, greater than 90%.

[Space-time vyields are reported in “amount of product/
(catalyst volume-time)” (kg/(1 . -h)) and/or “amount of prod-
uct/(reactor volume-time)” (kg/(1 -h)].

We have accordingly found a process for preparing ethyl-
ene amines by reaction of ethylenediamine (EDA) in the
presence of a heterogeneous transition metal catalyst,
wherein the catalytically active composition of the catalyst
before treatment with hydrogen comprises oxygen-compris-
ing compounds of aluminum, copper, nickel and cobalt and
the shaped catalyst body has a diameter of <3 mm 1n the case
ol a spherical shape or extrudate form, a height of <3 mm 1n
the case of a pellet shape and 1n the case of all other geom-
etries 1n each case an equivalent diameter L=1/a' of <0.70
mm, where a' 1s the external surface area per unit volume
(mm,*/mm,*), with:

Feadclor

where A 1s the external surface area of the catalyst partlcle
(mm_*) and V , 1s the volume ot the catalyst particle (mm,, )

The surface area and the volume of the catalyst particle (the
shaped catalyst body) are derived from the geometric dimen-
s1ons of the particle (shaped body) according to known math-
ematical formulae.

The volume can also be calculated by the following
method, in which:

1. the internal porosity of the shaped body 1s determined (e.g.
by measuring the water absorption in [ml/g of cat] at room
temperature and a total pressure of 1 bar),

2. the displacement of the shaped body on immersion 1n a
liquid 1s determined (e.g. by displacement of gas by means
of a heltum pycnometer) and

3. the sum of the two volumes 1s calculated.

The surface area can also be calculated theoretically by the
tollowing method, 1n which an envelope of the shaped body
whose curve radii are not more than 5 um (in order not to
include the internal pore surface area by “mntrusion” of the
envelope 1nto the pores) and which contacts the shaped body
very mtimately (no plane of section with the support) 1s
defined. This would clearly correspond to a very thin film
which 1s placed around the shaped body and a vacuum 1s then
applied from the 1nside so that the film envelops the shaped
body very tightly.

The conversion of EDA ito the ethylene amines such as
DETA with elimination of ammonia 1s also referred to as
transamination or converting.

DETAILED DESCRIPTION OF THE INVENTION

The reaction proceeds, for example, according to the fol-
lowing equations:

2EDA—DETA+NH;
2EDA—PIP+2NH,
3EDA—TETA+2NH,

DETA+EDA—TETA+NH;
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4
The ethylenediamine (H,.N—CH,—CH,—NH,; EDA)
required as starting material can be prepared by known meth-

ods, for example by reaction of monoethanolamine (MEOA)
with ammonia.

It 1s possible to use either pure EDA, e.g. 1n a purity of
>08% by weight, in particular >99% by weight, or EDA
comprising piperazine (PIP), e.g. from >0 to 25% by weight
of PIP, and/or other ethylene amines as starting material in the
process ol the invention. It 1s also possible to use the crude
EDA product from a reaction of MEOA with ammonia after
removal of part or all of the ammonia and water.

The conversion of EDA 1nto DETA 1n a reactor, which can
naturally also be divided into two or more reactors connected
in series or 1n parallel, can be carried out by methods based on

processes known to those skilled 1n the art (cf., for example,
U.S. Pat. No. 5,410,086 (Burgess) and GB-A-1,508,460

(BASF AG) and WO-A1-03/010125 (Akzo Nobel)).

The reaction according to the invention 1s generally carried
out at an absolute pressure 1n the range 10-200 bar, preferably
15-150 bar, 1n particular 20-90 bar, and generally at elevated

temperature, €.g. i the temperature range 100-300° C., 1n
particular 120-2350° C., preferably 130-200° C., particularly

preferably from 140 to =190° C., very particularly preferably
from 145 to <170° C.

In general, the catalysts used in the process of the invention
are prelerably used 1n the form of catalysts which either
consist entirely of catalytically active composition and, 1f
appropriate, a shaping aid (e.g. graphite or stearic acid) or are
composed of the catalytically active components on a largely
inactive support material.

The catalytically active composition can be introduced 1nto
the reaction vessel as powder or crushed material after milling
or preferably be introduced 1nto the reactor as shaped catalyst
bodies, for example as pellets, spheres, rings, extrudates (e.g.
rods, tubes) after milling, mixing with shaping aids, shaping
and heat treatment.

—

The concentrations (in % by weight) indicated for the
components of the catalyst are 1n each case, unless indicated
otherwise, based on the catalytically active composition of
the catalyst produced belfore treatment with hydrogen.

The catalytically active composition of the catalyst 1s
defined as the sum of the masses of the catalytically active
constituents and preferably comprises, before treatment with
hydrogen, essentially the catalytically active constituents
oxygen-comprising compounds of aluminum, copper, nickel
and coballt.

—

T'he sum of the abovementioned catalytically active con-
stituents, calculated as Al,O,, CuO, N10O and CoO, 1n the
cataly“[lcally active composition before treatment Wlth hydro-
gen 1s, for example, from 70 to 100% by weight, preferably
from 80 to 100% by weight, particularly preferably from 90 to
100% by weight, in particular from 935 to 100% by weight,
very particularly preferably from >99 to 100% by weight.

The oxygen-comprising compounds of nickel, cobalt and
copper, 1n each case calculated as N1O, CoO and CuQO, are
preferably comprised in the catalytically active composition
(before treatment with hydrogen) 1n total amounts of from 10
to 80% by weight, particularly preferably from 15 to 60% by
weight, very particularly preferably from 20 to 40% by
weight, with the molar ratio of nickel to copper particularly
preferably being greater than 1.

The catalytically active composition of the preferred cata-
lysts 1n the process of the imnvention comprises, before treat-
ment with hydrogen,
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from 20 to 90% by weight, preferably from 40 to 85% by
weight, particularly preferably from 60 to 80% by weight, of

oxygen-comprising compounds ol aluminum, calculated as
A1203:

from 1 to 30% by weight, preferably from 2 to 25% by weight,
particularly preferably from 3 to 20% by weight, of oxygen-
comprising compounds of copper, calculated as CuO,

from 1 to 40% by weight, preferably from 3 to 30% by weight,
particularly preferably from 5 to 20% by weight, of oxygen-
comprising compounds of nickel, calculated as N1O, with the
molar ratio of nickel to copper particularly preferably being,
greater than 1, more preferably greater than 1.2, particularly
preferably from 1.8 to 8.5, and

from 1 to 40% by weight, preferably from 3 to 30% by weight,
particularly preferably from 5 to 20% by weight, of oxygen-
comprising compounds of cobalt, calculated as CoO.

The catalysts having the composition mentioned can be
produced by various methods. For example, they can be
obtained by precipitation processes and preferably impreg-
nation processes known to those skilled in the art.

Particularly preferred catalysts 1n the process of the mven-
tion are the catalysts which are disclosed in DE-A-19 53 263
(BASF AG) and comprise cobalt, nickel and copper and alu-
minum oxide and optionally silicon dioxide and have a metal
content of from 5 to 80% by weight, in particular from 10 to
30% by weight, based on the total catalyst, with the catalysts
comprising, calculated on the basis of the metal content, from
70 to 95% by weight of a mixture of cobalt and nickel and
from 5 to 30% by weight of copper and the weight ratio of
cobalt to nickel being from 4:1 to 1:4, 1n particular from 2:1 to

1:2, for example the catalyst used in the examples there which
has the composition 10% by weight of CoO, 10% by weight
of N1O and 4% by weight of CuO on Al,O,.

Particularly pretferred catalysts 1n the process of the inven-
tion comprise no rhenium (Re).

The catalyst used preferably has a bulk density 1n the range
from 0.6 to 1.2 kg/l.

According to the invention, 1t has been noted that particu-
larly high DETA selectivities are obtained when the catalyst 1s
used 1n the form of small shaped bodies. For the purposes of
the present invention, small shaped bodies are bodies whose
diameter 1n the case of a spherical shape 1s 1n each case less
than 3 mm, in particular less than 2.5 mm, e.g. in the range
from 1 to 2 mm.

Correspondingly, small shaped bodies are also ones whose
diameter 1n the case of extrudate form (extrudate
length>>extrudate diameter) or whose height in the case of a
pellet shape (pellet diameter>>pellet height) 1s in each case
less than 3 mm, 1n particular less than 2.5 mm, e.g. in the
range from 1 to 2 mm.

In the case of all other geometries, the shaped catalyst body
used 1n the process of the invention in each case has an
equivalent diameter L=1/a' of <0.70 mm, 1n particular <0.65
mm, €.g. 1n the range from 0.2 to 0.6 mm, where a' 1s the
external surface area per unit volume (11111152/111111;}3 ), with:

where A 1s the external surface area of the catalyst partlcle
(mm_*) and V , 1s the volume of the catalyst particle (mm,, )

L=specific dimension of a shaped catalyst body).
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In the process of the invention, the diffusion paths of the
reactants and also of the products are shorter as aresult of the
small specific dimension of the catalyst particles. The mean
residence time of the molecules 1n the pores and the probabil-
ity ol an undesirable subsequent reaction are consequently
reduced. As a result of the defined residence time, an
increased selectivity can be achieved, especially in the direc-
tion of the desired DETA.

The catalyst1s preferably present as a fixed bed 1n a reactor.
The reactor 1s preferably a tube reactor or a shell-and-tube
reactor. The reaction of EDA 1s preferably carried out 1n a
single pass through the reactor.

The catalyst bed 1s preferably surrounded by an 1nert mate-
rial both at the inlet and the outlet of the reactor. As inert
materal, 1t 1s possible to use, for example, Pall rings, spheres
ol an 1nert maternial (e.g. ceramic, steatite, aluminum).

The reactor can be operated eirther 1n the upflow mode or
the downflow mode. In the case of the preferred downtlow
mode, a liquid distributor for the reactor feed 1s preferably
installed at the inlet of the reactor.

In the process of the invention, the proportion of DETA 1n
the crude process product, based on the ethylene amines
DETA, PIP and TETA formed (1.e. without water and NH,), 1s
greater than 50% by weight, particularly preferably greater
than 60% by weight, very particularly preferably greater than
70% by weight, e.g. 1n the range from 70 to 90% by weight.

To maintain the catalyst activity, preference 1s given to
teeding 0.005-5.0% by weight, particularly preferably 0.01-
0.30% by weight, of hydrogen (based on the reactor feed
EDA+H,) 1nto the reactor.

In the preferred continuous operation, selectivities (S) to
DETA of preterably =75-90%, e.g. 80-85%, are achieved at
a conversion of 15-30% at a WHSV (weight hourly space
velocity) 1n the range 0.1-5.0 kg/kg-h, preferably from 0.5 to
2.5 kg/kg-h, more preferably from 0.6 to 2.0 kg/kg-h (kg of
EDA per kg of cat. per hour). Typically, the selectivity
S(DETA) at an EDA conversion (C) 0130% 15 75-80% and the
selectivity S(DETA) atan EDA conversion of 15% 1s 85-90%.

Small amounts of piperazine (S,,» generally 5-15%) and
triethylenetetramine (S .-, generally 5-12%) are obtained as
by-products 1in the process of the ivention.

In the conversion of EDA 1nto DETA, these two amines are
generally present 1in the reaction product 1n a weight ratio of
EDA:DETA=50-90:20, e.g. 70:20. Here, for example, a
DETA selectlwty of about 75-80% 1s achieved at an EDA
conversion of 30%.

In general, the crude reaction products from the process of
the imvention comprise only small amounts of tertiary amines
as reaction by-products (in general in amounts of <10% by
weilght, 1n particular <5% by weight, very particularly pret-
erably from 0 to 3% by weight).

The work-up of the product streams obtained 1n the process
of the mvention, which, in particular, comprise the particu-
larly desired DETA but also triethylenetetramine (TETA),
PIP and unreacted EDA, can be carried out by distillation
processes known to those skilled in the art. (cf., for example,

PEP Report No. 138, “Alkyl Amines”, SRI International,
03/1981, pages 81-99, 117, and DE-A-10349059 (BASE-
AG)).

The distillation columns required for 1solating the 1ndi-
vidual products, especially the particularly desired DETA, 1n
pure form by distillation can be designed (e.g. number of
theoretical plates, retlux ratio, etc.) by those skilled in the art
using methods with which they would be familiar.

The fractionation of the reaction product mixture resulting,
from the reaction 1s, in particular, carried out by multistage
distillation.
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For example, the fractionation of the reaction product mix-
ture resulting from the reaction 1s carried out by multistage
distillation in two separation sequences, with ammonia and
any hydrogen present being separated oif first in the first

8

The mvention claimed 1s:

1. A process comprising: providing a starting material
comprising ethylenediamine; and reacting the starting mate-
rial 1 the presence of a heterogeneous transition metal cata-
lyst to form one or more ethylene amines; wherein the catalyst
comprises a catalytically active composition, which prior to
treatment with hydrogen, comprises a mixture of oxygen-
containing compounds of aluminum, copper, nickel and
cobalt; and wherein the catalyst 1s present as one or more
shaped catalyst particles selected from spheres, extrudates,
pellets and other geometries, wherein the sphere or extrudate
has a diameter of <3 mm, the pellet has a height of <3 mm, and
the other geometries have an equivalent diameter L=1/a' of
<0.70 mm, where a' 1s the external surface area per unit
volume (nunﬂ,z/nunp3 ), as defined by

where A 1s the external surface area of the catalyst particle
(mm_”) and V, 1s the volume of the catalyst particle (mm; ).

2. The process according to claim 1, wherein the one or
more ethylene diamines are selected from the group consist-
ing of diethylenetriamine (DETA), piperazine (PIP), triethyl-
enetetramine (IT'ETA), and mixtures thereof.

3. The process according to claim 1, wherein the one or
more ethylene diamines comprises diethylenetriamine
(DETA) 1n an amount greater than 50% by weight based on
the total weight of the one or more ethylene diamines formed.

4. The process according to claim 1, wherein the sphere or
extrudate has a diameter of <2.5 mm, the pellet has a height of
<2.5 mm, and the other geometries have an equivalent diam-
cter L=1/a' of <0.65 mm.

5. The process according to claim 1, wherein reacting the
starting material 1s carried out in the further presence of
hydrogen.

6. The process according to claim 1, wherein reacting the
starting material 1s carried out at a temperature of 100 to 300°
C.

7. The process according to claim 1, wherein reacting the
starting material 1s carried out at an absolute pressure of 10 to

200 bar.

separation sequence and Iractionation into unreacted EDA 5
and PIP, DETA, AEP (N-(2-aminoethyl)piperazine), TETA
and higher ethylene amines being carried out in the second
separation sequence.

The ammonia obtained from the fractionation of the reac-
tion product mixture resulting from the reaction and/or EDA 10
obtained are/1s preferably recirculated to the reaction.

EXAMPLES

The following catalysts were used for converting EDA mto 15
DETA:
all catalysts were Cu/Co/N1/gamma-Al,O, catalysts as dis-
closed, for example, mDE-A-19 53 263 (BASF AG) and were
produced by impregnation.

The catalysts 1 and 2 had the following composition before 20
treatment (activation) with hydrogen:

10% by weight of CoO, 10% by weight of N1O and 4% by
weight ol CuO on gamma-Al,O;.

Catalyst 1 was obtained by impregnation of gamma-AlL,O, 25
extrudates having a diameter (D) of 1.5 mm.

Catalyst 2, likewise produced by impregnation, was in the
form of extrudates (diameter: 4 mm),

30
Example DY/mm L2/mm
1 1.5 6.9
2 4 0.5
(comparison) 35
Dmean extrudate diameter
2)mean extrudate length

The conversion of EDA 1nto the desired ethylene amines
over the catalysts 1 and 2 (comparative example using 4 mm
diameter extrudates) was carried out 1n a 100 ml tube reactor
in the presence of hydrogen (0.1% by weight) to obtain the
catalytic activity.

Conditions and results are shown 1n the following table.

GC ANALYTICAL RESULTS
Pressure Temp. WHSV EDA PIP DETA
[bar] [ C.] [1/h] [% by weight]  [% by weight] [% by weight]
Catalyst 1, 1.5 mm diameter

30 150 0.7 83.2 1.0 14.7

30 155 0.7 73.5 2.4 21.4

30 171 2.0 75.1 2.4 19.8

30 175 2.5 76.3 2.5 18.6

60 171 1.5 74.3 2.3 20.4

60 175 1.5 63.7 4.3 24.6

90 171 1.0 72.7 2.7 21.4

90 175 1.5 74.7 2.3 20.0

Catalyst 2, 4 mm diameter

30 150 0.7 81.0 1.7 15.6

30 150 0.7 78.4 2.3 17.2

29 151 0.7 76.4 2.9 18.0

29 152 0.7 74.5 3.3 19.2

29 153 0.7 73.0 3.8 19.7

TETA
[% by weight]

1.0
2.4
2.2
2.0

2.0
4.3
2.8
2.5

1.4
1.8
2.1
2.5
2.8
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8. The process according to claim 1, wherein reacting the
starting material 1s carried out in the gas phase, 1n the liquid
phase, or both.

9. The process according to claim 1, wherein the catalyti-
cally active composition, prior to treatment with hydrogen,
comprises 20 to 90% by weight of one or more oxygen-
containing compounds of aluminum, calculated as Al,O;, 1
to 30% by weight of one or more oxygen-containing com-

pounds of copper, calculated as CuQO, 1 to 40% by weight of -

one or more oxygen-containing compounds of nickel, calcu-
lated as N10O, and 1 to 40% by weight of one or more oxygen-
contaiming compounds of cobalt, calculated as CoO.

10. The process according to claim 1, wherein the catalyst
has a bulk density of 0.6 to 1.2 kg/l.

11. The process according to claim 1, wherein reacting the
starting material 1s carried out 1n a reactor, and the catalyst 1s
present 1n the reactor as a fixed bed.

12. The process according to claim 11, wherein the reactor
1s selected from the group consisting of tube reactors and
shell-and-tube reactors.

15
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13. The process according to claim 11, wherein reacting the
starting material 1s carried out 1n a single pass through the
reactor.

14. The process according to claim 11, wherein the reactor
1s operated 1n the uptlow mode or 1n the downtlow mode.

15. The process according to claim 1, further comprising
fractionating the one or more ethylene amines 1n a multistage
distillation.

16. The process according to claim 15, wherein the multi-
stage distillation comprises a first separation sequence and a
second separation sequence, wherein ammonia and hydrogen
present along with the one or more ethylene amines are sepa-
rated from the one or more ethylene amines in the first sepa-
ration sequence, and wherein unreacted ethylenediamine and
the one or more ethylene amines are fractionated 1n the sec-
ond separation sequence.

17. The process according to claim 16, wherein one or both
of the ammonia obtained from the first separation sequence
and the unreacted ethylenediamine obtained from the second

20 separation sequence 1s recirculated to the reaction.

¥ ¥ * ¥ ¥
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